Genotypic variability among 96 Trichophyton rubrum strains which displayed different colony morphologies and were collected from four continents was investigated. Twelve markers representing 57 loci were analyzed by PCR fingerprinting, amplified fragment length polymorphism, and random amplified monomorphic DNA markers. Interestingly, none of the methods used revealed any DNA polymorphism, indicating a strictly clonal mode of reproduction and a strong adaptation to human skin.
tinea pedis (n ϭ 38), onychomycosis (n ϭ 29), tinea corporis (n ϭ 15), tinea manuum (n ϭ 3), or tinea cruris (n ϭ 2). Two of the Japanese strains were the causative agents of tinea capitis and otitis externa. Reference strains were obtained from the Centraalbureau voor Schimmelcultures (CBS), Baarn, The Netherlands, or from the Faculty of Agriculture, University of Tokyo, Tokyo, Japan. Cultivation was performed on Sabouraud glucose agar for 2 weeks at room temperature prior to DNA isolation.
DNA extraction, PCR fingerprinting using the simple repeat sequence (AC) 10 (21) , and amplified fragment length polymorphism (AFLP) analysis were performed as described previously (14) . The following combinations of primer pairs, with three selective nucleotides each (indicated by boldface type), were used for AFLP analysis: (i) EcoRI-TAA (5Ј-GAC TGC GTA CCA ATT CTA A) and MseI-TAA (5Ј-GAT GAG TCC TGA GTA ATA A), (ii) EcoRI-TGC (5Ј-GAC TGC GTA CCA ATT CTG C) and MseI-TGC (5Ј-GAT GAG TCC TGA GTA ATG C), (iii) EcoRI-TGC (5Ј-GAC TGC GTA CCA ATT CTG C) and MseI-CTG (5Ј-GAT GAG TCC TGA GTA ACT G), and (iv) EcoRI-TAA (5Ј-GAC TGC GTA CCA ATT CTA A) and MseI-CTC (5Ј-GAT GAG TCC TGA GTA ACT C). Random amplified monomorphic DNA (RAMD) markers for population analysis were developed as described previously (12) and screened for single-strand conformation polymorphisms (SSCP). The following primer pairs were designed for amplification of eight locus-specific DNA fragments: (i) B6/ 20-1 (5Ј-GCA AAA CAA ACG CCA AGT AA) and B6/20-2 (5Ј-ACC CAC ACA TTG AGG AAA AC) (800 bp), (ii) B8/ 11-1 (5Ј-TGC CAA ACT ACA CGA ACA TA) and B8/11-2 (5Ј-CCC AGG TAG TCA GGA GGT AA) (900 bp), (iii) B7/10-1 (5Ј-AAA CTT GGA GGG CAG GAG AG) and B7/ 10-2 (5Ј-TCA CAC TGG GAA CTG AAC AG) (850 bp), (iv) B7/18-1 (5Ј-CAA GTT TGT GCT CAG TTA TG) and B7/18-2 (5Ј-AGG ACA GGA CCC AGA GAA TG) (500 bp), (v) B4/14-1 (5Ј-TCA TCC TTC TTC CCA ACC TC) and B4/14-2 (5Ј-ATC ACG GAC TAC GGT TTA GC) (800 bp), (vi) B3/ 20a-1 (5Ј-CAA AGC AAA CCA ACG ATG TC) and B3/20a-2 (5Ј-ATT ATG GCA AGG GAT TCA T) (650 bp), (vii) B3/ 20b-1 (5Ј-TGC CAG GGC TGA TGG TTT TT) and B3/20b-2 (5Ј-ACC CAA GGC ACC AGG AAC CC) (850 bp), and (viii) B3/11-1 (5Ј-ACC CTC GCT TCG TGC CAG TT) and B3/11-2 (5Ј-GCA AAA ACG AGC AGA GCA CT).
The different techniques applied are known to reveal variabilities among closely related strains. In total, 57 DNA loci representing 12 markers were analyzed ( Table 2 ). With PCR fingerprinting using the simple repeat primer (AC) 10 and with the SSCP technique using eight RAMD markers, not a single polymorphism was detected. Similar results were yielded when 53 strains were tested with the PCR fingerprinting primer M13 (data not shown). DNA profiles of 95 strains from four continents were strictly identical ( Table 2 ; Fig. 1 to 3 ). The same multilocus genotype was also generated for five reference strains; AFLP primer pair TAA-TAA was not used. The reference strains were isolated over a period of 60 years and included two morphological variants (Table 1 [var. granular and var. nigricans]). Some polymorphism was revealed with one of the three AFLP primer pairs in that one strain from Germany (R29) showed two additional bands in the DNA profile with TGC-CTG. The American strains were analyzed with AFLP primer pair TAA-CTG instead of TAA-TAA; all patterns were identical.
Only limited genetic investigations were performed, showing dermatophytes to be haploid. To address the population genetics in diploid organisms, e.g., Candida albicans, codominant The codominant RAMD markers used confirmed the haploid genotype of T. rubrum. Not a single SSCP was generated among the populations investigated, and only one allele type was detected when representatives of each marker were sequenced (data not shown). Thus, in the continuation of our study we used DNA fragment analysis methods which are easier to perform.
In a study on the population structure of C. albicans, a facultative human pathogenic fungus with a primarily clonal modus of propagation and for which no teleomorph is known, we detected at least in six RAMD markers 12 polymorphic loci (12) . In this study, none of the eight markers displayed any variability. Similarly, none of the PCR fingerprinting loci showed any polymorphism. In contrast, in a population of 50 C. albicans isolates collected in a restricted area (Durham, N.C.) and analyzed by the same technique, the same strains showed a large diversity of banding patterns (12) . The slight variation in T. rubrum R29 generated by one of the three AFLP markers could be correlated neither with source or locality nor with clinical pictures or phenotypic characteristics of the strain. A genetic diversity of 0, one overrepresented genotype (Table 2) , and the observed linkage disequilibrium among the loci investigated are in agreement with Tibayrenc's criteria for clonality in microorganisms (25) .
The most parsimonious explanation of our results is a strictly clonal mode of reproduction among populations of this species. Even the population obtained from Japan did not exhibit a distinct genotype. A single multilocus genotype has probably spread worldwide since its emergence in the areas of Southeast Asia in which it is endemic. This suggests a highly specialized lifestyle for the organisms, as they are adapted not only to the human host but also to a specialized body site, i.e., the skin.
Our results agree with our earlier studies on Trichophyton tonsurans (9) and Trichophyton verrucosum (17) as well as with those of other authors (18, 19) . These authors detected no intraspecies DNA polymorphisms among 8 and 29 clinical isolates of T. rubrum or Trichophyton mentagrophytes var. interdigitale, respectively. In contrast to these results, some authors seemed to be able to discriminate T. rubrum strains by molecular typing methods. Nishio et al. (22) reported on two different mitochondrial DNA (mtDNA) genotypes in 92 T. rubrum strains investigated. We tested a few representatives of their type I and II strains by using PCR fingerprinting and found that a misidentification had been made. The DNA fragment patterns of the type I strains obtained with primers M13 and (AC) 10 (Fig. 4) correspond to the reference strains of T. rubrum, whereas the DNA profiles of the type II strains were identical to those of T. mentagrophytes var. goetzii (CBS 845.73) and to Arthroderma vanbreuseghemii (RV 27960 ϭ CBS 646.73). Excluding their misidentified strains, Nishio et al. (22) revealed no heterogeneity in the mtDNA pattern of T. rubrum. The six T. rubrum strains investigated by de Bièvre et al. (8) were not available for study, but Nishio et al. (22) mentioned that two isolates belonged to the above mtDNA type II strains and are likely also to be misidentifications. Colony morphologies atypical of T. rubrum, e.g., nonpigmented colony reverse or isolates with reduced sporulation, may lead to misidentifications when no physiological tests for identification are performed. For reliable diagnosis, growth on bromcresol purplemilk solids-glucose agar and urease tests are particularly recommended (16) .
In conclusion, human pathogenic dermatophyte species exhibit a uniformity in their genetic makeup which is as yet unknown for clinical strains of other fungi (2-5, 7, 11, 20, 24) . This might be an expression of a general survival strategy for those fungi which propagate in a very specialized ecological niche.
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